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ABSTRACT 


(ix) 


Load forecasting is an essential pre-requisite 
for any power-system planning, design and development. 

Type of forecasting is decided by the time-period under 
consideration. Approach to short term load forecasting 
is completely different from long and medium term load 
forecasting. in this thesis, long and medium term load 
forecasting of Uttar Pradesh power system has been done, 
in view of long term planning of Uttar Pradesh State 
Electricity Board (UPSEB). A review of recent prevailing 
practices, for long and medium term forecasting techniques 
along with their uses and necessity, have been presented. 
It is seen that no technique will yield exact results 
because of uncertaipties of the future, viz. unforeseen 
contingencies. Accuracy of forecast depends upon accuracy 
of data. 

Depending upon availability of data, the energy 
requii^ment and peak load of U.P. Power System, for the 
years 1983-84, 1988-89 and 1993-94 have been computed 
using some statistical techniques. Results obtained thus, 
have been compared with the corresponding forecast given 
by Central Electricity Authority (GEA). 
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IHTROPUCTION 

1.1 Power System expansion planning starts with a 

forecast of anticipated future load requirements. Load fore- 
casting is an essential pre-requisite for efficient planning 
and operation of a power system, because the magnitude and 
characteristics of the load affect the design and performance 
of the system, A system forecast is necessary to plan the 
future generation requirement, which forms the basis for 
planning the main transmission network of the entire system. 
Estimate of both demand and energy requirements are crucial 
for effective system planning. Demand forecasts are used to 
determine the capacity of generation, transmission and dis- 
tribution system additions, and energy forecasts determine 
the type of facilities required. Long term load forecasting 
is essential for any country or state in view of the long 
gestation periods for the power projects. Short term load 
forecasting is much more needed for comprehensive and careful 
operation planning. The knowledge of load demand from a few 
minutes to a few days in advance is very useful in economic 
scheduling, real time state monitoring and for security checks, 
besides its active role in maintenance is i^ell recognised. 
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Load forecasts are also used to estalolish procurement 
policies for construction capital needed and to determine 
future fuel requirements. In sunmiary, a good forecast 
reflecting present and future trends, tempered with good 
judgement, is the kes^ to all planningi indeed to financial 
success /11/. 

In a planned economy, the power forecast will 
necessarily have to be based on a realistic appraisal of 
country’s future plans on productivity, national incomes 
and savings, consumption and investment, natural resources, 
capacity to manufacture equipment indigenously etc . Thus 
load development in our country or state is intimately link- 
ed to economic activity in general and growth pattern of 
load in intensive sectors such as steel, cement, heavy 
chemicals etc. in particular. The load demand for electric 
power should, therefore, be based on the productive sector 
of economy and needs of population ./I/. Load forecast has 
to be continuously revised with the future changing pattern 
of economic growth, as power is one of the basic infra- 
structure for economic development. 

In India, the load forecasting made a beginning in 
a systematic manner, around the year 1955 . Now a days the 
electric power forecast is done at the nationa.1 and state 
level by agencies such as Central Electricity Authority, 
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planning Cpnmiission, State Electricity Boards and Annual 
Power Survey Oomniittee ^2/. planning organisations of most 
of the State Electricity Boards are dependent on the load 
forecasted by above agencies and plan their future trans- 
mission and generation projects according to that. The tech- 
niques used by these agencies are mainly based on the assump- 
tion of taking a base year and then projecting the growth 
every year based on a certain pattern of consimption. 

1.2 In this thesis, the load forecasting, a case study 

of Uttar Pradesh (U.P,) Power System has been done. The rate 
of development of any state is directly dependent upon the 
matching development of power resources. U.P. Power System 
is the biggest system in our country, having large niunber of 
transmission networks and generating stations. Since the 
location of generating stations and the load centres are not 
generally close to each other, it is essential to evolve a 
plan for the integrated development of power resources in 
the state. Moreover, there have been no conscio'us attempt 
to relate the electric load development to other factors of 
the economy for the purpose of load forecasting by above 
mentioned agencies /2/ and U.P, State being most populated 
in India smd moderately industrialised, an attempt is made 
here to correlate some economic and social factors affecting 
development of load in the state such as state income and 
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population etc o Depending upon these factors, load 
forecast of U.P. State has been made. In this thesis 
depending upon avo.ilahility of data only long term and 
medium term load forecast of U.P. Power System have been 
done using various statistical techniques. 

1 .3 Now we give a brief chapterwise description of 

this thesis. In chapter - II, use and needs of load fore- 
casting, factor a,ffecting load development, types and 
approaches of load forecasting and basic requirement of 
realistic load forecasting have been described, chapter -III 
deals with various methods of load forecasting. In chapter - 
IV, Load and energy requirement of U.P. Power System has’c 
been calculated for the years 1983 - 84 , 1988-89 and 1993 - 94 , 
using some of the methods described in chapter - III. Based 
on the result of the chapter - IV, some important conclusions 
have been made in chapter - V. 
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CHA.PTER - II 

LOAD FOBECASTIH& 

2.1 LOAD POEE CASTING 2 USE AKD NEEDS 

Primarily aniS' sort of planning of a power system 
is in some way or other related to the magnitude and 
characteristics of the load on that system. The load fore- 
cast is, therefore, a vital element in planning various 
components of an expanding system such as generating capacity, 
transmission lines and sub-station capa.cities, so as to meet 
the increasing demand of system from time to time . 

Long term forecasting enables formulation of 
country's perspective plan on power development and it helps 
in having a view on the progressive utilisation of coimtry’s 
hydro and other power resources and also use of higher 
transmission voltage. Medium term forecasting provides the 
basis of expansion programme of power generating capacity and, 
transmission facilities. The area of power shortage /surplus 
during the short term period can be identified from short 
term load forecasting and thus helps in formulating measures 
for utilisation of s'urplus power in deficit areas. 

Some of other uses of load forecasting are as 
follows /3/. 
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2.1.1 LOEG 'TERM POHEGASTIITG 

I. It helps in formulating national power policies. 

II. It indicates where, when and how much additional 
generation, transmission, distrihution, suTo - 
station ca.pacity and development of distribution 
neti-rorh is required. 

III. It helps the State Electricity Boards to plan 
their investments to the maximum advantages and 
to evolve the optimum tariff for the various 
categories of consumers. 

% 

IV. It helps in investigating the measures so that 
future demand may be met. 

2.1.2 SHORT TEEM ECEECA ST IITG 

I. Prsming/Reviewing plans for the establishment of 
future points of supply from the point of view of 
their timings. 

II. Framing/Reviewing plans for power factor correct- 
ion at various points in the system as a means of 
keeping IRTA demand changes on imported power to the 
economic minimum and optimising plant utilisation. 

III. In case, the power is being imported from other 
sources as well, having difference in rates between 
them, forecasting can help in proper and economic 
use of such sources. 
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In more advanced countries , load forecasting is 
used for variety of purposes such as / 594 /. 

(i) Unit Commitment and Scheduling of mainten- 
ance thereby deciding the start-ups and 
shut-dOTvns of power stations several hours 
in advance . 

(ii) Operational planning and interconnections . 

(iii) Economic generation scheduling and security 
analysis. 

(iv) Beal time state monitoring. 

(v) Economic load dispatching in interconnected 
power systems . 

(vi) Estimating surplus and secondary sales. 

(vii) Ordering coal or fuel. 

(viii) Eorecasting revenue, cost of power for 

operating bu.dget . 

(ix) Preparing capital budget. 

2.1.3 The forecast of power demand are needed at the 
following levels %- 

(i) Locality or distribution centre level for 
distribution planning, 

(ii) Sub-station-wise forecast for planning 
sub-station expansion and transmission 
system. 
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(iii) System level forecast for pLaiming 
generating facilities. 

Therefore, it becomes necessary to collect data 
regarding all the pla]r^ed activities both at Macro and Micro 
level. All the data collected at Micro level such as 
localities or distribution centres, are grouped into Macro 
level such as sub-station and systems. To make these 
forecasts at different levels, it is necessary to know not 
only the diversity between constimbers but also the diversity 
between the loca^-itte s/distribution centres and between sub- 
stations, The load forecasting is, therefore, tobe made at 
different levels, so as to assess the nationa]./state 

t 

requirements to be incorporated in plans and for the purpose 
of load development. The accuracy of forecast is crucial to : 
any electric utility, since it dictates major system additions. 
Considering the fact that the developing countries such as ; 

oxrrs, have limited financial reso'urces for over-all economic 
development, the forecast of power demand would have to be | 

very accurate and reliable in order to make full use of what 
is available under estimates of power demands. Under ' 

estimation of power demand may render investments in elect- 
ricity dependent sectors idle due to non-availability of power 
and may also result in the loss of revenue from sales to 
neighbouring utilities. On the other hand, over estimation 

I 

would lead to unnecessary blocking large investments with ' 



out anj inunediate return. However, in viev; of the fact that 
investments in other sectors utilising power, are consider- 
ably more than the corresponding investment necessary for 
providing the power supply facilities, it is better to tahe 
a little optimistic figure in power forecasting rather than 
a pessimistic one. An accurate forecast also depends on 
the judgement h experience of the forecaster and it is 
impossible to relay strictly on analytical procedure to 
obtain an accurate forecast. 

2.2 FACTORS AFFECT IHC I)E\’’E10PMEHT OF LOAF 

Such factors which contribute to the development 
of load in a particular year are so many and can be 
categorised as natural ones and manmade. These factors 
are mostly interdependent and are such that, the effect of 
these, can not be precisely grouped for next 10 to 15 years 
in advance, as certain amoimt of uncertainty is associated 
with each one of them. Under such circumstances load 
forecasting will be just rough estimates of the future 
req.nirement . It is however, desirable to improve the 
accuracy of the forecast as mush as possible. The factors 
which effect the development of load significantly are /5/ s 

(1) pattern of energy consumption. 

(ii) level of country's economy. 

(iii) Degree of industrialisation and its 
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future scope. 

(iv) Incentive availalole for setting up of 
new industries. 

(v) position of foreign exchange and its 
effect on industrialisation. 

(vi) Existing status of urban and rural 
electrification and future target to 
enhance the same /6/. 

(vii) Scope of electricity for agriculture 
purpose . 

(viii) Extent of natural resources available and 
the programme of their exploration, 

(ix) Pattern of national and state plans 
regarding execution of such schemes 
which involve use of power. 

(x) The rate of availability of electric power, 

(xi) Einancial capacity of the people to afford 
and run power consuming installations such 
as industries, irrigation pumps, thrasher, 
refrigeration and air-conditioners etc. 

(xii) Population and technical know how of the 
people . 

(xiii) Weather conditions. 

It can be seen that the forecasting which depends 
on the above factors can never be .an accurate estimate. 
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In the ultimate analysis, however, much deioends on the 
forecasters ability to translate the plans for various 
economic activities into meaningful forecast of power 
demands . 

2.2.1 suture load demand is dependent upon a number of 
socio-economic, technological and other factors. These 
factors should be studied in detail by a planner to forecast 
load. Some of these factors are as follows s- 

(i) Load factor. 

(ii) Diversity factor between users, trans- 
formers, feeders and sub-station etc. 

(iii) Maximum demand and demand factor. 

(iv) population and urbanisation trend. 

(v) Saturation limits for the sectors. 

(vi) Fringe growth of load. 

(vii) Pattern of past load demands. 

(viii) Development of non-conventional sources 
of energy. 

Diversity factor for various categories of consum- 
ers such as domestic and commercial lighting, small power 
and large power users are to be evaluated. These factors 
vary from area to area and season to season. Load factors 
for each type of power consumers are to be known to 
evaluate the energy requirement. The present trend is to 
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assume certain approximate figures for these factors. Very 
little statistical field data based on actual measurement 
is available. However, these can be precisely estimated 
by statistically valied sample tests. 

2.3 TYPES OP POEECASTIHCt 

Porecasting is simply a procedure for quantitatively 
defining future loads. Depending on the time period of 
interest, load forecasting may be classified into the i 

following three categories /?/ | 

I. long term forecasting covering period of 10 ‘to 20 
3 rears. 

II. Medium term or intermediate forecasting covering 
period of 5 to 10 years. 

III. Short term forecasting covering period of 1 to 5 
years . 

How a days short term forecasting also refers to 
short range forecasting which covers the period of forecast 
in weeks and hours. But this short range forecasting is 
less significant for Indian conditions as daily load curve 
does not change much. 

Unlike other industries, the electric supply- 
utility does not have the freedom to regulate control caa 
its business on account of its public utility character anS 
associated statutory obligations. Moreover, it is not 
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possible 10 estimate the degree of accuracy of the result 
of a study for determining long range load forecast in a 
power system. It is, therefore, necessary to carry out the 
long term forecast continuously with much degree of accuracy 
for system planning etc. and make studies of alternate 
methods for system expansion. • The absence of long range 
forecast could create regional imbalance and bottlenecks 
despite adeq.uate overall investment. Medium term or 
intermediate forecast is used in formulating immediate power 
development programme. 

The approach to long term forecast is quite 
different as compared to short range forecast. The short 
range forecast is required for day to day system operational 
planning and is affected by seasonal variations, vreather 
conditions and industrial relations etc,, while long term 
forecast is greatly influenced by what has happened in past 
years. Long term forecast has to be made without undue bias 
on account of the immediate past, but what the load growth 
has been for the last 10 to 15 years. 

2.4 CHOICE OE SUITABLE METHOL 

Choosing a forecasting technique to use in 
establishing future load requirements is a non- trivial task 
in itself. Depending on the nature of load variations, one 
particular method may be superior to another. Before 
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choosing a particular method, a basic understanding of how 
a load behaves, is essential. Load forecasting is mainly 
the projection of the past trends suitably modified by the 
present conditions and future development plans. As so 
many man made and natural unforeseen factors contribute to 
the development of load in a particular region that, no 
one method , can be taken as suitable for the purpose of 
load forecasting. Alternate methods can be employed to 
arrive at reasonably correct figure and for a check as well 
Thus, analysis of statistical data relating to development 
in the past, a close study of prevalent conditions and a 
scrutiny of future development plans coupled with field 
survey, may lead to a fairly accurate guess of the load 
demand . 

As regional disparities of economy v;ithin the 
coimtry/state also usually sought to be removed through 
planning and economic considerations alone don't dictate 
the investment decisions in various sectors. In view of 

the above, the planned rate of groxN^th of various elements 

# 

of the infra- structure of economy differs sharply from the 
past trends. As the statistical techniques postulate 
future growth on the basis of the pctst trends, they don't 
lead to reliable forecast. 

The method chosen has to be simply economical, 
least time consuming and at the same time yield detailed 
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forecast with reasonable and uniform accurac3r<, fhe choice 
of method of forecasting also depends on the purpose for 
which study is conducted and the length of period of 
forecast. 

Choosing the best technique for a given utility, 
once again, requires, good judgement and a knowledge of the 
advantages and disadvantages of various available methods. 

Once a method has been chosen, the forecaster must always 
revaluate its effectiveness, because forecasting techniques 
can out-live their usefulness, as a result of either drastic 
changes in a system or improvements in available methods /11/. 

2.5 APPROACH TO LOAD PORECASTIHG 

The following approaches are provided before going 
into details of load forecasting methods /5/ t 

(i) peak Load approach 

(ii) Energy approach 

(iii) Total Load Components approach /II/ 

In a system with predominant Hydro generation, the 
peak load approach is normally used and in case of Thermal 
predominant, the Energy approach is preferred. 

In peak load approach i.e., predominating hydro 
generation, it is considered that if the peak requirements 
are met, the energy requirements will be met automatically., 
while in a system which entirely depends on thermal 
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generation resources, every kwh of energy produced has a 
real measurable cost and the important element to forecast 
is, therefore, energy. In both the above cases, peak load 
or energy may be calculated. 

The present day practice, is, to adopt the energy 
approach. This may be to some extent due to very high 
capita, consumption in those countries where, it is assumed 
that if the energy requirement are satisfactorily met, the 
available generation capacity usually takes care of the 
peak demand, specially where there is interconnected 
operation of a group of power systems and any increase in 
peak demand can be absorbed by the interconnected system 
without difficulty. 

The advantages of using energy as primary forecast 
and obtaining the peak demand forecast from it are, that, 
energy tends to be much less erratic, is considered a better 
trend growth indicator and is readily related to demographic 
and economic factors, using energy data broken down into 
classes of services, areas etc. The advantages of separately 
forecasting the peak load are that it is a more direct 
method and can be related directly to such weather variable 
as temperature etc. 

2.5.1 :PEAK hOAl APPEdlCH 

The peak load approach to the load forecasting, 
necessitates, working out the demands under the various 
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categories of load, starting from the connected load in the 
category, by adopting suitable demand factors and evolving 
the locality demands, sub-station demands, system demands 
and finally the grid demand, adopting appropriate diversity 
factors and allowing reasonably for the losses in the 
distribution, transmission and transformation. The continu- 
ous generating capacity available to meet the expected power 
demand is usually worked out after allowing for station 
anxiliaries and the shortage or surplus in capacity to meet 
the anticipated demand. Though the peak load approach to 
load forecasting broadly serves the purpose of planning 
additional generation, it suffers from a niajor draw back 
that too many assumptions right through the forecast in the 
form of demand factors for the various categories of load, 
diversity factors of locality, sub-station, system and grid 
levels, losses in distribution, transmission and transforma- 
tion at different stages and finally the generating capacity 
set apart for station service, tend to take the forecast 
wider of the mark whatever care is. taken to ensure that the 
assumptions are as realistic as possible. 

2 . 5 . 2 EIBBGT A PPEOA CH 

The energy approach to load forecasting seems to 
have one distinct advantage of having no diversity problems 
and consequent assumptions. Usually , as an area grows, 
trends in growth appear and such trend can more easily be 



( 18 ) 


established in terms of energy for different categories of 
load as recorded data in terms of energy used will be 
available while no such recorded data is available for the 
demand of any particular category of load, ipor assigning 
at the total energy requirements at different levels of 
locality, sub-station, system and grid, it is only necessary 
to add the energy requirements progressively. Then energy 
losses and station auxiliaries of energy which can be 
estimated with reference to recorded data for past period, 
may be added to arrive at the total energy to be generated 
and by making only one assumption for the annual load factor 
for the grid system, the peak demand to be met can be worked 
out. The energy approach also makes it easier to forecast 
the requirement of new industrial loads as these can be 
worked out directly v;ith reference to the production capacity 
or output of the product bringing into the picture any load 
factor which otherwise, has to be assumed. 

Energy forecasts tend to be developed using 
correlation and extrapolation, primarily, tempered with sound 
projections of futiire conditions. Generally to arrive at a 
total energy forecast, the forecasts for the three major 
classes of customers (residential, commercial and industrial 
/II/ ) are determined and then combined. Each class is 
forecast separately because of different characteristics 
associated with these classes. 
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Eesidential energy requirement are dependent on 
many things, hut the major factors are (i) Residential 
customers, (ii) Population per customer and (iii) Per capita 
energy consumption. Clearly, if each factor vrere Imown for 
the forecast period, then the forecast of residential.' sales 
could be obtained simply by multiplying the three factors. 

To obtain the forecast values of these factors, either 
simple curve fitting methods or more sophisticated regression 
analysis can be used. Such an approach to residential 
forecasting is usually referred to as the ’Population' 
methods. 

An alternative approach, lcno\»/n as the 'Synthetic' 
method, requires a more detailed look at each customer. 

Por this method the major factors are (i) Saturation 
level of major appliances (ii) Average energy consumption 
per appliance (iii) Residential customers. Once again, if 
these factors are extrapolated into the future and multiplied 
together, the result is the desired forecast of residential 
sales. Clearly, the synthetic method requires a great deal 
of data collection to define the relative affluence of 
customers . 

To forecast commercial sales, a host of different 
approaches, may be taken. Perhaps the simplest is based on 
the fact that commercial establishments are usually service 
oriented; hence growth patterns are usually related closely 
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to growth patterns in residential sales. Specif icall3r5 
one method, for forecasting future commercial sales is to 
extrapolate the ratio of commercial to residential sales 
into the future and then multiply this forecast 'by the 
residential sales forecast to obtain the desired commercial 
sales forecast. Another approach is to extrapolate 
historical comraercial sales, since this information is 
frequently available. 

Of all forecasts, obtaining an accurate industrial 
sales forecast is by far the most difficult. Industrial 
sales are very closely tsfied to the overall economy, and 
we all know how unpredictable the economy can be over 
selected periods. Even in view of these difficulties, many 
approaches have been and are used by forecasters to develop 
industrial sales forecasts. Two such approaches are 
(I) Multiply forecasted production levels by forecasted 
energy consumption per unit of production and (II) Multiply 
forecasted number of industrial workers by forecasted energy 
consumption per worker. 

Whether these particular approaches work, probably 
depends on the type and location of the industry involved. 

In fact, in many instances, the historical industrial sales 
are decomposed into sub-classes to facilitate an accurate 
forecast of each component. This step is particularly 
important if a utility serves a broad spectrum of different 
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types of industries /II/. 

2.5.3 TOTAL LOAD ALIL LOAD COMPOITEHT APPROACH 

Another approach to the load forecasting nay he 
the total load. Total load may he forecasted by comhining 
forecasts of appropriate certain load components or total 
load forecast may he directly obtained from historical 
total load data. Typically, the components consists of 
types of customers, geographic areas, etc. An advantage, 
claimed for the total load approach is that it is easier 
to use and totals are much smoother and more indicative 
of overall growth trends. On the other hand, an advantage 
of component approach is that , abnormal conditions in growth 
trends of a certain components can he detected, thus 
preventing misleading forecast conclusions. Again, no one 
approach is consistantly used in the industry, and both 
are used successfully by different utilities /II/. 

2.5.4 SUITABLE APPEQilCH POE IJTBIAII COilDITIOlTS 

Basically, peak load and energy both forecasts 
are needed for any utility. The energy approach for load 
forecasting is not suitable under 'Indian conditions because 
of low per capita consumption in the country. It is also 
tme that in advanced countries, there is a great degree of 
saturation in the localities electrified and the customers 
using power, with the consequence that usually the rate of 
increase in energy consumption is more predominant than 
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the rate of growth in customers or electrified localities. 

In other words 9 the growth in foreign countries is more due 
to Increased consumption by existing customers rather than 
by the addition of new customers and consequently the rise 
will be more predominant in the energy than in the peak 
load. In India, hovrever, the growth is mainl^r and 
predominantly due to new consimiers, new localities and new 
loads rather than to extensions and increased consumptions 
by existing consumers. With the consequence, the rate of 
growth is more predominant in the peak load than in the 
energy. This shows, that the planning of additional 
generation should be done with reference to the anticipated 
peak load and not on the energy basis. But it has no 
bearing on the method to be adopted for working out . the 
anticipated grid peaks for future years. It is, therefore, 
left to the choice of forecaster as to which approach is to 
be taken for putting forward a forecast which, in the 
ultimate analysis, can be in terms of both the energy and 
the peak load. The energy approach appears to have the 
definite advantage of minimum number of assumptions and 
consequently better result and also it will make it easy to 
project the estimates for the future years, as the recorded 
energy consumption figures for the past years for the differ- 
ent load categories are available and general data regarding 
population, number of localities, number of houses etc, are 
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also available from census report and other statistical 
publications. These will enable to establish trend, if any, 
and possible growth to assist in making projections of 
energy req_uirements . Requirements of bulk industries can 
be directly worked out and projected with reference to 
licensed production capacities and expansion plans.' System 
losses and auxiliaries consumptions can also be worked out 
correctly in terms of energy from recorded data and projected 
without assuming any average percentages. It would appear 
that the load assumption in terms of energy growth will be 
adequatly informative if broken down into different 
categories as Domestic, Commercial, Public lighting. 
Industrial, Irrigation and others, 

2.6 msic REQUIREMEITT POR REALISTIC POEECASTIITG 

The basic requirements /8/ for a realistic load 
forecasting irrespective of method used, are the following; - 

(i) The statistics of electricity supply and 
consumption should be reliable, 

(ii) Instrumention to record generation, 
transmission and consTunption of electricity 
should be adequate, 

(iii) Trained personnel involved in load 
forecasting. 
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2.6.1 STATISTICS 

Though the electricity Statistics are being 
collected and compiled by so many agencies for their own 
use. Yet the data collected is normally insufficient and 
unreliable or both. These agencies have their o\m. way and 
there is no uniform procedure. There is very little check 
to ensure the correctness of the collected data. There is 
also much delay in notification of these data-.. Therefore, 
there is an urgent need for rationalising the entire 
procedure and organisation for data collection. As the power 
system grows in size, the problem which has to be faced will 
become more and more complex and hence more detailed and 
accurate statistics will be needed to solve them. 

2.6.2 IHSTSUMEim T lOH 

The instrumentation available in most of the power 
system is also inadequate . To start with, at least all the 
generating stations and grid sub-station should have the 
necessary integrating instruments to record energy and power 
inflows and outflows. Besides special recording instruments, 
complementary equipments for load studies should also be 
made available. This, together with proper organisation, 
will ensure availability of reliable electricity statistics 
which in turn would make it possible to undertake scientific 
system studies and make realistic forecasts of power demands. 
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2.6.3 TminiNa 

Considering the amoimt of work involved, the 
availability of properly trained persons for forecasting 
power demand, is totally inadequate, further, forecasting 
power requirements within the range of economic practicabi- 
lity is not possible due to inherent errors of load 


forecasters. 



CHAPTER - III 


LOAD EOPEOASTIM METHODS 

3.1 Forecasting techniq.ues may Toe subdivided into 
three broad classes. Techniques may be based on extra- 
polation or on correlation or on a combination of both. 
Techniques may be further classified as either deterministic 
probabilistic, or stochastic /II/. 

5.1.1 EXTRAPOLATION 

Extrapolation technique involves fitting trend 

\ 

curves by the method of least squares, to basic historical 
data a,d justed to reflect the growth trend itself, with a 
trend curve, the forecast is obtained by evaluating the 
trend curve fimction at the desired future point. Such a 
technique is to be , classified as a deterministic extra- 
polation, since no attempt is made to account for random 
errors in data or in the analytical model. 

If the uncertainty of extrapolated results is to 
nt 

be qua'/ified using statistical entities such as means and 
variance, the basic technique becomes probabilistic 
extrapolation. The uncertainty arises from two sources ; 
Uncertainty in the historical data and uncertainty in the 
analytical model chosen to describe the underlying growth 
in load. With regression analysis, the best estimate of 
the model_, describing the trend can be obtained and used to 
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forecast the trend. 

The use of stochastic models to generate a 
forecast from random inputs derived from historical data, 
has been investigated but is not much wide-spread. The 
inputs to the model, tend to be the random change in the 
trend component, the random slope of the change in seasonal 
component and associated XA/eighting factor, and a general 
noise component. The statistics of all the random inputs 
plus the weighting factor are determined by ma-toliing the 
statistics of the historical demand data with corresponding 
statistics for the output of the model. This step can be 
performed only after a transformation of the basic model 
and the historical data is made, since the data and untrans- 
formed model are non- stationary that is, their statistics 
are time dependent, with the model matched to fit historical 
demand data, the forecast is obtained by exciting the 
transformed model by random inputs whose statistics are 
knoxm. The resulting time series, after an inverse 
transformation, is the forecast desired. 

3.1.2 COREEIATIOH 

Correlation techniq.ue relate system loads to 
various demographic and economic factors. This approach is 
advantageous in forcing the forecaster to understand clearly 
the inter-relationship between load groxvth patterns and 
other meas-areable factors. The most obvious disadvantage. 
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however, results from the need, to forecast demographic and 
economic factors, which can he more difficult than fore- 
casting system loads. Typicalljr, such factors are population, 
employment, building permits, applisinces saturation, 
business indicators, weather data, national income etc. 

3.2 There are two steps /9/ involved in load 

forecasting. 

(i) The first step is to divide the whole 
load into compo.nents. 

(ii) The second step is to forecast the 
components and then to reconcile them to^ 
obtain forecasting of the whole system. 

Based on the making use of the past available 
data, socio economic conditions, probability approach and 
other related factors, several methods have been developed 
for estimating the future demand of a system. The following 
are some of the methods which are being used for load 
forecasting. 

(i) Porecasting on the basis of classwise 
consumption. 

(ii) . Forecasting on the basis of mathematical 

foimulae. 

(iii) Forecasting on the basis of historical 


trend . 
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(iv) Porecasting on the basis of correlationship 
hetvreen development of electricity and 
development of economic factors, 

(v ) Method of norms , 

(vi) Appliance and appliance group method. 

(vii) forecasting by Probability Approach, 

(viii) Load Survey Method,. 

(ix) Wholesale method of extrapolation and 

comparison /1 2/ 

(x) Input-output Method /1 3/ 

(xi) Simplified input-output Method /I 4/ 

3.3 CL^iSSIPICATION AND CIIAEACIEEISTICS OP LOAD 

In most of the methods given above, total forecast 
is obtained by combining forecasts for various classes of 
customers. Loads may be classified broadly, as residential 
or domestic, commercial and industrial, and other* Other 
customers are municipalities or division of state and federal 
governments using energy for street and highway lighting. 

In addition, sales to public authorities and to railroads 
and railways, sales for resale, and interdepartmental sales 
also come under 'other' classification. Unfortunately for 
forecasting purposes, these clasif ications overlap in the ^ 
sense that customers in a given class do not have 
characteristies uiiiq,ue to that class? that is, the classi- 
fications are not mutually exclusive. Within the broad 
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classes mentioned, further sub-divisions may be defined. 
Residential consuiflers may be sub-divided into rural, urban 
and other sub-divisions that may be valuable in some cases. 

Perhaps, more useful classifications of customers 
for forecasting purposes would be made by type of use, level 
of use, rate schedule, or geographic area. Classification 
by rate schedule is potentially a. viable way to classify 
consumers, because it tends to lump similar types of custo- 
mers into the same rate category. /1 1/. 

3.3.1 Of the three broad classes of loads, residential 
loads have the most constant annual growth and the most 
seasonal fluctuations. The seasonal variations of the 
residential component in many cases are responsible for the 
seasonal variations in the system peak. This characteristic 
is due to the widespread use of weather sensitive devices 
such as space heaters and air conditioners. Other high 
energy devices used by residential customers are water 
heaters, refrigerators, and dryers. Refrigeration loads tend 
to have constant characteristics as compared to the cyclic 
load characteristics of dryers and water heaters. Barring 
a substantial lead forward in solar energy technology in the 
next decade and the increase in per capita consumption due 
to increases in weather sensitive residential loads will play 
an even greater role in deteimining system load pattern. 
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Oommercial loads are also characterized bjr 
seasonal fluctuations, and again the fluctuations are 
primarily due to the extensive use of air conditioning and 
space heating. The introduction of new devices - the 
electric car, rapid transit etc. will certainly influence 
the characteristics of future load. 

Industrial loads are considered base load that 
contain little weather dependent variation. However, 
depending on the type of industry, these loads may have 
unique characteristics because of shift operations etc. 

Other loads, may have seasonal fluctuations 
depending on specific cases. In most instances, hox^rever, 
the growth trend for this classification is considered 
stable, although this does not mean that it will remain 
stable . 

As saturation level and per capita consumption 
increase, reflecting wide spread use of weather sensitive 
devices, the need to include weather effects in forecasting 
future requirements will become imperative. It is well 
documented that most system peak demand occur as a direct 
result of seasonal weather extermes. M-Ieat Storms’ and 
'cold Waves’ are terms di scribing inclement weather that 
adversely affects the ability of a utility to meet load 
requirements. 

Besides the tremendous impact of weather on load 
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growth, other seasonal variations are caused by economic 
and demographic effects. In heavy industrialised areas 
many industrial customers a.re characterised by cyclic 
variations load requirement due to normal variations in 
production level. Demographic effects also play a role in 
establishing load patterns and v£iry with general migration 
patterns and other factors. Solar Energy technology may 
have a tremendous impact on the load pattern now experienced 
by electric utilities. 

3.4 Prom amongst the methods discussed above, we will 

discuss in detail only those methods which are commonly used 
for load forecasting. Rest of the methods are combination 
or part of these methods. 

3,4,1 PORECASTDTG 0!T THE BASIS Of ChASSWISE OGKSUMPTIOH 77/ 

This method is applicable to both short term and 
long term forecasting. This consists of estimating energy 
consumption imder different classes of load. By summing 
up the estimated consumption of different classes and adding 
up the losses, the forecast of total energy required is 
made. Prom the energy requirement so worked out, peak load 
is calculated with the estimated or assumed load factor. 
Regarding losses, it may be stated tha.t the ratio of 
industrial deliveries to the total classified use has been 
an important factor in influencing the losses. Generally - 
the greater is the ratio, the less is the percentage 
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because less transiaission and distribution is involved in 
delivering power to industrial consumers and usually the 
delivery voltage is higher. The percentage losses are of 
course affected by the factors other than concentration of 
industrial loads e.g. increase in load densities in 
commercial classes helps in reducing the losses. Usually 
for forecasting, energy consumption is estimated separately 
for Ci) Domestic and Commercial lighting and small power, 
(ii) Public lighting, (iii) X'^ater works and Drainage 
pumping, (iv) L.T. Industries, (v) H.T, Industries with a 
demand less than 1 M.W. (Ari) H.T. Industries with a demand 
more than 1 M.W. (vii) Irrigation pumping and dewatering, 
(viii) Railway Traction. 

In respect of the items (i) to (v.)’ projections 
of consumption are done by taking into account the past 
trend of growth in the consumption of each class. The 
observed growth rate during the past 4-5 years are taken 
as guide-lines for prog ecting energy consumption for the 
next 4-5 years. In respect of item (vi) namely H.T. 
Industries with an individual demand more than 1 M.W. , the 
forecast of energy cons'umption is done individxxally for 
each industry, existing, xonder construction or likely to be 
established during the period of forecast. Anticipated 
consumption of such industries is totalled up to get the 
consiamption under this class. In respect of item (vii) viz. 
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irrigation and dewatering, the forecasting is done by taking 
into account, the number of pumpsets/state tubewells targetted 
for energisation during the survey period and multiplying 
the same with the average energy consumption per punpset/ 
state tubewell, so, as to arrive at total energy consuraption. 
Under this class, energy consiomption per pumpset/state 
tubev/ell, is assumed by taking into account the rate of 
energy consumption per pumpset/state tubev/ell over the past 
4-5 years. In respect of item (viii) viz. Railway traction, 
the energy consumption is based on the programme of 
electrification of various Railway tracks. To the total 
energy consumption estimated in the manner already described, 
losses are added to get the energy requirement. Rrom the 
energy requirement with the help of estimated load factor, 
the peak load is determined. 

This method is most suitable for planning the 
electricity supply in undeveloped areas for shorter periods. 

Ror longer periods, it tends to give lower values. Another 
advantage of conducting load survey is its ability to assess 
the demand areawise which is very essential for planning the 
distribution and location of sub-stations and their expansions. 

3.4.2 FORECAST IMG OM THE BASIS OF mTHEMTICAE FORMUIA 

G.B. Scheer /?/ of United States, has developed an 
excellent mathematical formula requiring the use of 
population forecast for forecasting the long range power 
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requirement. The formula has been developed from the 
thesis that for every 100 fold increase in per capita gen- 
eration, the rate of growth in generation will be reduced 
by half. It is an established fact that rate of growth in 
generation decreases with the increase in per capita 
generation and the thesis lays down how exactly the reduction 
is expected to take place. The study of actual cases may 
reveal this important feature. Taking the cases of India 
and Sweden where the per capita generation is aroimd 100 kwh 
and 10000 kwh respectively, it is interesting to note while 
in India, the growth in generation is aroimd 12^% per annum, 
the same in the case of Sweden with 100 fold increase in 
per capita generation, is around 6^ per annum, justifying 
the soimdness of the thesis. The mathematical formula of 
Scheer has been checked with regards to its applicability 
for future forecast in a number of countries in the world 
including India and the United States and foimd to be quite 
satisfactory. Its applicability over a very long term 
projection, may be questionable but according to the Scheer 
there appears to be no other method that will give better 
results . 

3. 4.2.1 The formula developed by Scheer for estimating 
generation requirement in utilities ifi given below;- 

Log G = C - 0.15 Log U (3.1) 

or, G = lO^/u'^*’’^ (3.2) 
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Where (j, is the annual growth in generation in percentage . 

U is per capita generation, c is constant which is 0.02 
times of population growth rate in percentage plxis 1.539 
and "both the logarithms are to the hase 10. The constant 
of 0.15 which is almost 0.150515 (which is 1/2 of log 2), 

I 

will validate the conclusion that, "a himdred fold increase 
in per capita generation will reduce the rate of growth by 
half." 


Prom a starting year for which generation is 
known, the forecast of generation with the help of Scheer’s 
formula is calculated from year to year basis. Both forward 
and retrograde calculations may be required. The forward 
calculations are meant for making future forecast and 
retrograde one for checking the validity of the formula to 
enhance the accuracy of the forecast. Special emphasis 
is laid for the starting year. The starting year has to be 
such, when there had been consistent load growth. 

Por starting year, Scheer recommends, taking BMS 
values of generation over a five year period, two years 
preceeding and two years succeeding from the starting point 
instead of actual generation for that year. 

Por forward calculations, starting year's 
generation, population and forecast of population of future 
years are required. To start with, the value of C, and 
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per capliia generation U> for starting year are vrorlced out 
and then the growth rate G, is determined with the help of 
formula (3.1) or (3.2) given above. 

The generation in the next year is worked out by 
multiplying the generation in the starting year by 
(1 + G/100). Generation for the next year being thus 
known and forecast of population being available, the value 
of C and U, for the next year are then evaluated and with 
these values, the growth rate G, for the subsequent years 
is worked out. Subsequent years generation is then deter- 
mined with this growth rate. The process is repeated till 
the year for which the forecast is required, is reached. 

For retrograde calculations, Scheer's formula 
would require to be developed in different form as shown 
belows- 

Let X be the generation in the starting year 
which is known and Y be the generation in the previous 
year, which is required to be calculated then. 

Y(1 ♦ G/100) = X (3.3) 

or, Y(1 +10^/100.0 U^*”'^) = X , 
substituting for G, from equation (3.2) 

Y(1 + 10^,P^*^^/100.0 = X , 

substituting Y/P, for U, where P, is the population in 
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previous year. 

Y H- 10'^.P°-‘'5.y0.85/^qq^ ^ ^ 


or, Y + KY°‘^^ = X . 


( 3 . 4 ) 


substitu-ting K,for lO*^.P^’'*Vl 


00 


In the above equation since X is imovrn, K can be 
calculated from the population and its growth rate in the 
previous year. The equation would then need to be solved 
for the values of Yjfrom Imown values of K and X. This 


procedure is to be repeated year wise till the year up tp 
which the retrograde calculations are required. 


3^4,5 FOEEOASTING 01 ^ THE BASIS OE HISTOEIOA.! TSElf]} 

The mathematical approach for drawing trend line, 
is very useful for predicting load requirement of short 
range future. But for long range, this may not give accurate 
forecast if the load growth in future is sudden, rather than 
being gradual. In such cases, human judgement is better or 
else, a few future load requirements must be estimated based 
on experience, rate of growth and probable future require- 
ments. 

Electric energy production or requirement grows 
through the years. Therefore , the mean of their future 4 
trend, may be obtained by- ext rape la. ting a mathematical 
curve that has been fitted to the historical values. Any 
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numlDer of curves can be fitted to the same data ;and the one 
vdiich approximately reflects the growth is selected through 
judgement. Since the equation of the curve vrould be known, 
the forecast with the help of equation, which is a fimction 
of time could be made for any length of time. The tvro 
important assumptions inherent in this approach are (i) The 
growth process is the same throughout the historical period. 

(ii) It will remain same over the specified extrapolation 
period. Both peak load and energy consumption are often 
used for this purpose but use of latter is most common. 

3 . 4 . 3. 1 The past data, when arranged and plotted with 
reference to the time factor, is a time series and it 
represents the movement of a point under the influence of 
several economic and other factors. A time series reveals 
certain characteristic movements or variations, some or all 
of which are present to varying degrees. The characteristic 
movements of time-series are generally classified into four 
main types (i) Secular trend, (ii) Seasonal variations, 

(iii) Cyclic variations, (iv) Irregular or random variations. 

The statistical method of forecasting is also known 
as time series analysis. The time series analysis is a 
technique for categorising and studying movements in a time 
series data. A statistical analysis of the past movements 
of such data enables to (i) determine the past find present 
pattern of these movements in a given time series and 
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(ii) obtain clues about the future pattern of these 
movements. These clues will be used as an aid to forecast- 
ing . 

For medium and long term forecasting purposes, the 
concept of secular trend is used. The secular trend of time 
series, represents the smooth long term pattern. For short 
term forecasting it is necessary to study the seasonal 
variations, 

3.4.3. 2 The trend can be described by a time function 
which averages fluctuations and exhibits a smooth curve. 

The trend curve is usually obtained by moving average or 
by fitting a suitable mathematical function by least square 
method. The least square method is commonly used as, it 
results in the sum of the squares of deviations, of the 
actual load points from the curve fitted, being minimum. 

Some of the useful curves for forecasting, are the following; 


(i) 

Straight line 

II 

> 

+ 

> 

(ii) 

Parabola 

Y = A + BX + 

(iii) 

S-curve 

Y = A + BX + GX^ + L; 

( iv ) 

Exponential 

Y - 

(V) 

DX 

Modified exponential I = A + Ce 

(vi) 

Logistic 

Y = 1/(A + Ce^^) 

(vii) 

Log-parabola 

Log Y = A + BX + GX^ 

(viii) 

Gompertz 

Log I = A + , 



(ix) Combination Y = A + BX + 

Where y, is variable to be fitted, X, is time unit, e, is 
Naperian Constant and A, B, C and D are parameters to be 
computed by the method of least square. 

3. 4. 3. 3 SELECTION OP TBEKD GTM^SS /24/ 

Any of the cixrves mentioned in the previous 

section, can be fitted into the past data but one which is 

most suitable for the existing conditions & for the system 

under consideration, isto be selected. It is important to 

estimate the standard error. This enables us to make the 

choice of mathematically best fitted curve. A curve with 

higher standard error becomes less preferable, when curves 

have similar standard error, the one giving the best fit to 

recent data, is to be preferred. It is usually found that 

the closeness of the fit is normally, the same for 

most of the curves. There will be little to choose between 

the curves as representation of the actual data. But when 

ated 

the curves are exirapol/* they diverge and even a smaller 
extrapolation may lead to imacceptably large divergence . 
Therefore, it is very necessary to limit the choice of the 
curve to those whose slope characteristic agrees with the 
actual data. Alternatively, we calculate the forecast by 
several methods other than trend curve and compare the 
results obtained with different trend curves and the other 
methods. The trend curve whose results are some what 
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similar to the results obtained by other methods should be 
chosen. 

Trend curve projections for future should be 
tamen as an aid to forecasting. The time period upon which 
the trend curve is based, must be such that the past pattern 
in series x^ill be relevant to the future. Assumptions 
concerning probable future events and their effects upon the 
forecast demand are influential in selecting the final 
choice of the trend curve. Trend curves and their choices 
have also been dealt in Appendix - A. 

The main objection to this method is that the 
direct extrapolation of the past data into future is of 
purely formal mathematical character, which means that the 
future development of the estimated quantity being regarded 
as a function of time. Then the future demand of electricity 
depends solely on the instant of time for which the estimate 
is made. This is not a correct assumption as, the electri- 
city demand also depends upon socio-economic factors. This 
can be overcome to a certain extent by proper assumptions 
with regard to the future, and selecting suitable trend 
curve by the application of human judgement. The extra- 
polation of past data is appropriate, v/hen its grov/th is 
basically regular and then it can be assumed that the trend 
will also continue in future. This method yields good 
results when development of electricity is basically 
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regular. The approach is very simple and that is why, this 
method is very common. 

3.4.4 PORECA STING ON THE BASIS OP COREELATIONSHIP BETWEEN 
I)EVET,OPI#;nT OP ELECTRICITY AHB BEVELOPIffiHT OP 
ECONOMIC PACTORS 

This method /?/ is an ideal method of forecasting 

from known economic factors such as national income, 

population, industrial production etc., if a sound 

correlationship is found between these factors and electricity 

development. Many coimtries in the world liave attempted 

to establish such correlationship and some of them have been 

successful also. For example, Belgium uses the formula; 

E = . Where E, is electricity consumption, 

M, is index of manufacture of production, t, is time and 

K, is adjustment factor. In Neitherland, the formula used 
3 2 

is ; = P /L . Where E-j, is industrial electricity 

consumption, P, is industrial production index and L, is 
manpower index. By using the above formulae, future 
consumption of electricity of the respective country can be 
projected to any length of time provided, the economic 
factors considered in the formulae are known for that length 
of time. ' 

In our country, no such relationship as indicated 
above, has been established so for. The studies on the 
subject that have been carried out by the Power Survey 
Directorate of C.W. & P.C. (now CEA), are briefly described 
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below”. 

It uaa considered logical to link electricitAr 
development viith. national income which, denotes total 
activity comprising the development of industry, agriculture, 
transport trade etc. national income when regressed with 
all India generation, using double log model future pro- 
jection made with the resultant equation, gave very high 
values of generation. It became apparent that this index, 
apart from being far toovague, was over sensitive because 
it is affected by wholesale and retail price indices. 

Further, in India agriculture sector is a major sector of 
Indian economy accounting for about 50^^ of the national 
income but consirmed relatively small quantity of electri- 
city (about 10.2^ of the total electricity consumption in 
1971-72). 

vSince consumption in industrial sector forms 
about 10 $ of the total consumption, it was considered that 
correlationship would exist between it and the electricity 
generation. Index of industrial production when regressed 
with all India generation, using double log model and 
projection made with resultant, equation, also did not give 
satisfactory results. The reason for this could be that 
the index of industrial production, which was developed in 
1960, has now become less representative in view of 
structural changes taken place in economy since I960. 
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The weightage pattern of various industries with "base 
i 960 ( = 100), does not appear to reflect the true states 
of affairs as far as production index of some of the 
electricity intensive industries is concerned. 

It is q.uite likely that multiple correlationship 
nay exist between t^^ro or more economic factors for which 
further studies are required." 

The accuracy of this method lies in estimating 
and predicting the economic factors. In using this method, 
the economic factors are often predicted by extrapolation 
of the past data. Then the forecast based on this method 
vrill not be better in any way, therefore, forecast based 
on direct statistical method is preferred; when more than 
one economic factors are correlated with electricity demand, 
it is necessary to study the correlation amongst the 
economic factors. This method is suitable for short and 
medium term forecast. 

3*4.5 METHOD OF NORMS 

The basic requirements of this method to forecast 
electric power demand are /15/ % (i) Preparing estimates 
of volume of production for perspective period, and (ii) 
Calculating the consumption of electricity by multiplying 
the production with the average amount of power required 
per unit of physical production. 
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The term volume of production implies not only 
lor the magnitude of industrial production but also for 
quantities of other items; such as agricultural 5 transport, 
construction and others in which use of electricity is 
involved. Consumers are divided into a number of groups 
for estimating the requirement conveniently such as 
industry, construction, agriculture, transport including 
electrified rail transport, municipal and domestic 
consumptions and others. The output is expressed in the 
units like kwh/tonne of product, kvrh/tonne/km. etc. 

Thus the application of this method requires the 
information regarding complete plan of production for all 
the branc^aes of economy for perspective year as well the 
norms of electricity consumption per unit of product for 
industry, transport, agriculture and others. The infor- 
mation on the subject are only available when the national/ 
state planning boards have prepared their development plans 
covering various sectors of economy. 

The accuracy of this method depends on the 
accurate estimation of the targets in the plans and norms 
of consumption to be applied. Since they are worked out 
on the basis of past statistics and certain assumptions 
about the future changes in the manufacturing techniques, 
use of raw material and degree of automation etc . ^ 
therefore, there is a possibility of some difference 
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between the actual and the estimated values. This method 
is very simple to apply and is suitable for long term as 
well as short term forecasting, for the countrjr as a vjhole. 
It has been tried successfully in TJ.S.S.E. The accuracy 
of this method is governed by the uncertainties of the 
nature of future planned development, for example, the 
importance of development may be switched over from one 
sector to another or possibility of substitution of one 
energy to another. 

3.4.6 APPLIANCE AND APPLIANCE GROUP IIETHOD /1 6/ 

This method is suitable for forecasting 
residential sales /10/ of energy or residential loads. It 
explains the average residential energy use, in terms of 
uses by the various appliances. The contributions of 
individual appliances are summed up to obtain the annual 
average use per customer, Estimate of appliance saturation 
can be obtained from surveys, census reports or from the 
manufacturers of products. 

In appliance group method, we divide the 
customers into groups according to ownership of certain 
appliances. The estimated percentage of customers in each 
group is multiplied by estimated average use for each group 
to obtain the contribution to total average use by groups. 
The sum of estimated contributions from all groups give 
the total consumption. Some, of such type of groups are ; 
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(i) No major appliance, (ii) all cooking range, (iii)range 
and refrigerator, (iv) Refrigerator only, (v) water heaters 
only, (vi) refrigerator and water heater, (vit) range and 
water heater, (-viii) refrigerator, range and water heater, 
(ix) refrigerator, water heater and house heating a]ppliances 
and (x) all house heating appliances. In India, group (i) 
may be further sub-divided into electric lighting and minor 
appliances group. In big cities, water pimips in houses 
can form a separate group. The pattern of energy consumption 
is different for each group. 

This method has the advantage that due to appliance 
saturation, the accuracy in forecasting is high, specially 
when average consumption is needed. The method is go-od for 
assessing the residential requirements only. 

3.4.7 FORECASTING BY PROMBIIITY APPROACH 

This is a method of forecasting by components /9/. 
Variables like the individual load components, population 
etc. are random variables. Hence instead of assuming a 
fixed value for them in each year, they are assaxiied to have 

noimial distribution around their mean. The operations are 

« 

similar except for their probabilistic nature. That is, each 
operation manipulates the entire probability distribution ; 
rather than single value. A probability distribution of the 
load for a future year is obtained by multiplying the 
probability distribution of number of customers for that 



^4y; 


year and the corresponding year's probahilitjr distribution 
of load per customer. The adoption of this approach 
essentially requires the use of high speed digital computer 
as the computations involved are large. 

The approach involves isolating and separating 
the historical data into desired components in order to 
establish trends to be used in forecasting future loads. 

Some of the factors considered for the analysis of compo- 
nents are i (i) population of the service area, (ii) monthly 
kwh use per residential customers, (iii) industrial hours 
use of billed demand and (iv) an index of business level. 

It is necessary to separate out the energy compo- 
nents of weather sensitive cooling and weather sensitive 
heating loads from the total system load. This can be done 
by regression analysis using digital computer. This has 
been dealt in section 3.5.2 briefly. The component 
forecasts are obtained by analysing and extrapolating the 
historical trend data by establishing a trend curve, which 
is best fit curve coupled with human judgement. The 
forecast values of each component are not a single valued 
figures, Por each year, each of the component forecasts 
is expressed by two variables mean and variance which define 
a complete probability distribution. All the components are 
treated as subject to random variations and probability 
distribution assumed is, Gaussian or normal distribution. 
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In probability approach, each manipulation like adding, 
multiplying etc. will take the entire .probability 
distribution rather than single values. 

The problem of individual forecasts is so.lved in 
the follovring stages ; 

I. prepare component forecasts (like population, per 
capita load component etc.) by converting the 
available data into mean and variance for each 
year of the forecast period. The choice of 
variance depends on human judgement. 

II. perform the forecasting process. Por example, 
the residential load for a particular month is 
forecasted in the following manner. Using the 
data of residential load per customer every year, 
obtain the prediction by known method. This gives 
the mean of the residential load per customer. 
Similarly predict the mean for population for that 
year. Choose proper variances and covariances. 
Here, the uncertainty factors like population 
change, famine, foreign exchange conditions and 
maneoon conditions are taken, care of in the choice 
of variance. Covariance terms determine the way 
in which the factors are linked. If population is 
on increase, per capita consumption increases and 
so, the covariance between them is positive. If 



it does not effect the consumption, the covariance 
is zero. Once the population and load are pre- 
dicted, they are multiplied using probability 
multiplication methods. 

III. Express the result in a simplified manner by 
converting means and covariances into probability. 

IV. Analyse the forecast in order to determine its 
sensitivity to change in original data. 

Solution to probability approach essentially lies 
with the application of human judgement apart from the 
facilities provided by the digital computer. Proper 
judgement is necessary in expressing the variance of each 
component forecast, 

3.4.8 FIELD SURVEY METHOD 

In this method, the survey parties /18/ visit 
each and every town and village of the area under investi- 
gation to ascertain and record the existing and future power 
demands. The data regarding present and future needs of 
power is collected and compiled, grouping all the consumers 
in a few categories /1 9/ of load which are identical in 
nature, namely ; Domestic or residential, commercial light 
and small power, street lighting, industrial power, irriga- 
tion, traction and water supply and drainage, liaving thus 
obtained a picture of present conditions alongv;ith a 
knowledge of future requirements, the surveyor. itries''t<Fill< 

A 62116 . 
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evolve a pattern of load grov/th by taking into account all 
the probable influences and changes "that are likely to take 
place under various categories of loads. 

The method is most suitable for assessing the 
immediate demand of power of a locality or region for 
planning the distribution system and location of sub-station 
and their expansion etc. This method of load forecasting 
is however not adeq.uate for long terra assessment of power 
requirement of a state or a country as a whole, particularly 
the one which is undergoing a process of planned development. 
This gives better results for short term forecast and tends 
to give lower values for longer periods. Load survey is 
one of the costliest method and hence before starting this, 
proper planning should be done including man power and 
their competency. 

3.5 POREOASTING PRACTICES OP A VERY SHORT LimATIOE 

Mathematical models have been developed for hour 
to hour and minute to minute forecasting to solve operational 
and other problems related with very short duration 
forecasting. Basic approach and technique for most of these 
models are either based on trend method, mathematical, 
formula and correlation method or combination of these. 

As we are not concerned with short range forecasting of 
load, so we will discuss in brief^ a representative method. 



3.5.1 PEAK PEMAITD POEECASTIiW - A REPEESEWTATIYE METHOD /11/ 


Some veil defined analytical methods have "been 
developed over last few years to aid the forecaster in 
determining accurate peak demand. As the peak demand is 
dependent on weather conditions, this approach to forecast 
peak load include also wheather conditions. Modern practice 
in most of the advanced countries is to adopt weekly peak 
demand forecasting as opposed to monthly or annual fore- 
casting. The difference is in the amount of historical 
data available, that is, the data sampling rate, liven 
weekly peak demand forecasts, one can find straightwa 3 ?- 
monthly or annual forecast. The basic approach is as 
follows /II/ : 

I. Determine seasonal weather load model, 

II. Separate historical weather sensitive and non- 
weather sensitive components of weekly peak demand' 
using weather load model. 

in. Forecast mean and variance of non-weather- 
sensitive component demand. 

I¥. Extrapolate weather load model, and forecast mean 

and variance of weather-sensitive component. 

Y, Determine mean, variance and density f-unction of 

total weekly forecast. 

VI. Calculate density function of monthly or annual 

forecast. 
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It can be safely assumed that the seasonal 
variations of peak demand are primarily due to weather. If 
not, then before step-lll, any additional seasonal variation 
remaining after weather sensitive variations are removed, 
must also be removed. Several methods have been success- 
fully exployed to remove such seasonal variations. This 
approach needs, a data base of at least 12 years in addition 
it also requires to develop the weather load models, daily 
peaks and coincident weather variable values. 

3.5.2 WEATHER LOAD MODEL 

To determine the weather load model based on 
historical data, it is common to plot a scatter diagram 
of daily peaks versus an appropriate weather variable or 
variables. Although there are many variables to choose 
from, dry-bulb temperature and humidity are considered 
important. Eor simplicity only dry-bulb temperature is 
used as weather variable. Thus, the scatter diagram from 
which the load model is obtained will be as shown in 
figure-3.1* Using linear regression analysis or curve 
fitting techniques, three straight line segnents can be 
defined and used to describe the modeli that is. 


W ^ kg(T - Tg) 

if 

T:7T^ 

*D 

(3.5) 

s ~k (T - T ) 
w^ w^ 

if 


(3.6) 

: > 0 

: if 


(3.7) 



The parameters of the model are the slopes and 
3r.d the thresold temperatures T^ and 

With the weather load model known, the weather 
sensitive component of weekly peak demand data can be 
calculated. Knowing the weekly peak coincident dry-bulb 
temperatures and this component can be subtracted from the 
historical data to obtain the non-weather sensitive 
component of peak demand. The non-weather component is used 
in step-III, to forecast the mean and the variance of the 
non-weather sensitive component of future vreekly peak 
demands . Detailed description of forecasting two components 
have been dealt in /II/, 



Figures 3.1 Weather load model 
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CHAPTER - IV 

loah poregastihg or u.p. power system - 

LONG AHD MEDIUM TERM 

4.1 Some of the methods of the forecasting which were 
discussed in the previous chapter, are put to use in this 
chapter, for the load forecasting of U.P. Power System, for 
the years 1985-84, 1988-89 and 1995-94. Study based on 
long and medium range of forecasting have been done, in view 
of long term planning of Uttar Pradesh state Electricity 
Board (UPSEB). The figures for load factor, transmission 
and distribution losses as percentage of total energy 
utilised, auxiliary consumption etc. have been assumed after 
consultation and discussion with the planning wing of UPSEB. 
All the data utilised, have been taken from UPSEB statistical 
report and publication of U.P. Govt, planning pepartment. 

4.2 CALCULATION OE U.P. POWER REQUIREMENT BY SCHEER’S 
FORMULA 

For the calculation of power requirement by Scheer's 
formula /?/, the starting year considered in the study is 
1970-71, when load growth in U.P. was more or less consis- 
tent. The RMS '^alue of generation for 1970-71 of 4891 MU, 
was determined from the generation in the years 196S-59, 

70-71, 71-72 and 1972-75. From the starting year 
1970-71, calculations have been made upto the year 1^)95-94. 



The growth of population in U.P. from 1970-71 to 1993-94, 
which is needed for calculations, given in table-4.1. 


Table-4.1 ; G-rowth of population in U,p, 


Year 

Popurafion 

(Millions) 

Year 

PopulatTon 

(Millions) 

1970-71 

88.341 (Actual) 

1 982-83 

109.588 

71-72 

89.8 

83-84 

112.0 

72-75 

91.4 

84-85 

113.568 

73-74 

95.0 

85-86 

115.158 

74-75 

94.8 

86-87 

116.77 

75*“76 

96.5 

87-88 

118.405 

76-77 

y8. 2 

88-89 

120.0 

77-78 

100.0 

89-90 

121.68 

70-79 

102.0 

90-91 

123.584 

79-80 

105.846 

91-92 

125.111 

80-81 

105.726 

92-93 

126.863 

81-82 

107.64 

93-94 

128,639 


Population figures upto 1978-79 have been taken from the 
report of population projection worked out by state planning 
Department. Prom ,1 979-80 to 1985-84 and from 1984-85 to 
1995-94, a uniform population growth of I.8I5S and 1.4“^ have 
been assumed respectively as indicated in the report. 

The calculated and actual values of generation 
from 1970-71 to 1993-94, in U.P. have been given in table- 
4.2 and plotted in figure -4,1* From the generation, the 
rec^uirement of power statioh' auxiliaries is to be deducted 



GENERATION (MU x 10 ) 



GENERATION (MU) IN UP. 

FROM 1970-71 TO 1993-94 

NOTE :- 

I Curve drawn on the basis 
of calculated generation 

H Actual generation shown 
by circled dots. j 

II Cafculated generation / 

based on scheer's / 
formula. / 
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Tear 

Table-4.2 ; Actual 

AotuaX generation 

and calculated generation 
■ (Scheer’s formula) 

GaXculat e'd~g¥ne'rat Ton 


(MU) 

(IXJ) 

1970-71 

5529 

5489 

71-72 

5986 

6170 

72-73 

6559 

6929 

73-74 

5736 

7768 

74-75 

6154 

8703 

75-76 

8013 

9729 

76-77 

9630 

10858 

77-7B 

9289 

12105 

70-79 

- 

13488 

79-80 

- 

14994 

80-81 

- 

16647 

81-88 

- 

18458 

82-83 

- 

20440 

83-84 

- 

22648 

84-85 

- 

24977 

85-86 

- 

27513 

06-87 

- 

30272 

87-86 

- 

33272 

80-89 


36520 

89-90 

- 

40052 

90-91 

- 

43881 

91-92 

- 

48027 

92-93 

- 

52513 

93-94 

_ 

57363 


Note; (i) The electricity generated by Eemisagar and 
licensees is not included in above table. 

(ii) *- RMS value derived from actual generation in 
the years 196^69* 69~70, 70-71 » 71~72 and 
1972-75. 
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to get the energy requirement at the generating station 
buo-birs. The consumption in power station auxiliaries 
in ij.lh power System, form about 6^ to 1 $ of total 
gcuif .ra I ion, from 1970—71 to 1977—78, it may increase to 
7.6/), 8.0/n and 8,5f) in 1983-8/+, 1988-89 atnd in 1993-94 
re npt.'ctivcly due to anticipated large- scale addition in 
the thermal capacity. To arrive at peak load, we have to 
assume apnropriate value of load factor. The overall 
annual load factor of U.P. Power System is assumed to be 
60>’i for the entire period from 1978-79 to 1993 - 94 . 

4.2.1 SCHPIER'S PORI'IUTjA (SAMPIxE CALCULATION) 

G = 10^/U^’^^, where G = ^ annual growth in 
generation, U = per capita generation, C = (0.02x% popula- 
tion growth rate) 1.35. 

Base year = 1970-71. Generation in MU 
1968-69 = 4371, 69-70 = 4701, 70-71 = 5529, 71-72 = 5986 
and 1972-73 = 6559. 

HMS value of generation in 1970-71 



To arrive at 1971-72 estimates; 

population in 1971-72 = 89.8 million 
population in 1970-71 = 88.341 million 


i, growth in population =1.81^ 

C = 0.02 X 1.81 + 1.33 = 1.366 
U = 5489/88.341 = 62.13 kwh 
G = (10)^'^^V(62.13)^*”'^ 

Log G = 1.3661og10 - 0.151og62.13 = 1„094 
G = Antilog(1 .094) = 12.42^5 
Generation forecast for the year 1971-72 

== 5489 + (12.42 X 5489)/100 = 6170 m 

Based on the percentage consumption of the 
auxiliaries as indicated and assumed load factor the energy 
requirement and peak load for the years 1983-84, 1988-89 
find 1993-94 are worked out below s 

1 983-84 1988-89 1993-94 

(i) Forecasted generation (flU) 22648 36520 57363 

(ii) Power station auxiliaries 
consumption (MU) at the rate of 
7.5yj, 8.0‘/ and Q.% in the years 


1983-84, 1988-89 and 
respectively. 

1993-94 

1699 

2922 

4876 

(iii) Energy requirement 

(MU) 

20949 

33598 

52487 

(iv) Annual load factor 


60^ 

60^;S 

60/o 

(v) Peak load (MW) 


3986 

6392 

9986 


4.3 CALCITIATIOF OF U.P, POWER EEQUIREMEUT ON TilE BASIS 
0? CORBELATIONSHIP BETWEEN ELECTRICITY CONSUMPTION 
AND DETELOPMT’ OF ECONOMIC FACTORS (REGRESSION 
METHOD) 

It is an established fact that per capita total 



i.ncr/-.y consumption of any country/state, v/hich is very 
n.,.cii coirclatoJ to the per capita income, is regarded as 
o 2 it of thf; hasic index for the overall economic development. 
The ol(3ctricity is one of the most important form of the 
coimiiercial source of energy and its per cajDita consumption 
also sei-vcs a very good index of industrial development, 
standard of living and other economic developmental concepts. 

The other way of forecasting the energy requirement 
could be, by correlating the dependent variable (total 
clccti-icity utilisation) with independent variable/variables 
(economic factors), using time series data (refers to a 
sequence of measurements moving through time) and projecting 
it for future years. This method of forecasting is 
normally termed as Regression Method of forecasting. In 
this section an effort has been made for evaluating future 
demand of electricity in IJ.P., by correlating electricity 
utilisation with total state income, population and time 
period, for the years 1y88-89 and 1995-94, using 

some linear regression models (Appendix-B). 

The data regarding total utilisation of electri- 
city in U.P., total state income (on 1960-61 firm prices)^^^^^^^^^^^^^ 
and total population of state from 1968-69 io 1993-94 are 
given in table-4.3. This table also includes the time 
period in years taking 1968-69 as the first year. Linear 
regression models have, been, envisaged using time series 
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v.iriablf Y) is a function of the independent variables s 
(i') total state income on firm prices of 1 S 60-61 , 

(ii) total population of state (x^) and (iii) time period 
( ) 7 takin/^ 1968—69 as first year. 

The income of the state (on fixed 2 Drices) has been 
taken as an independent variable. Although the income 
distribution pattern might have some impact onelectricity 
utilisation in domestic sector* this has not been consider- 
ed in the present study. The state income figures for the 
period 1968-69 to 1974"75, are same as reported by the 
U.r, Govt, in its publication on growth of state income. 

The annual rate of growth of state income has been envisaged 
as during fifth plan ( 1974-75 to 1978 - 79 )* and 5 ^ during 

sixth plan (1979'-80 to 1985-84). However, for the future, 
it has been presumed that annual compounded rate of growth 
of 8tat-£« income (on 1960-61 firm prices) shall be 5.5^ 
and 6^ during seventh (1984-85 to 1988-89) and eighth (1989- 
90 to 1993 - 94 ) five year plana respectively. 

Another independent variable is total population 
of state. The urban-rural ratio of population might play 
some role in the overall electricity utilisation in the 
state, but this aspect has been neglected here. The state 
has envisaged a population growth rate of 1 , 815 ^, compunded 
annually upto end of the sixth plan (1983-84). neyond 
1985 - 84 , the population growth late has been anticipated 
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to fall sharply to the level of 1.45^ during the seventh 
iind eighth olans. 

The pasage of time also affects the utilisation 
of electricity. The use of electricity, which at one time 
used to be a matter of luxury (atleast in domestic sector) 
is more and iiore becoming a matter of necessity. In U.P., 
the electricity utilisation is still at its thresold and 
with the passage of time, electricity will be replacing 
in more and more areas, other conventional source of energy 

4.3.1 Before choosing suitable model to project electri 
city utilisation, the following linear regression models 
b 5 >- taking different combinations of X^, X 2 and , have 
been tested, using multiple linear regression program 
(aection-4.6 and Appendix-B). 

(a) Log Y = AQ+A^Log X^+A2liOgX2+A^LogX^ 

(b) Y ~ Aq+A ^ X^ ■*‘A2X2'^A^X|j 

(ft) Y * Aq+A^X^ +A2X2+A^X^+A^X^ 

(d) Y = Aq+ A^Xt^A2X2+A3X5+A^x| 

,, (e) . , I “ Aq'^A^X-| +A 2 A 2 -^A 3 X^'‘‘A^X -^}[2 , 

■■■ 2 .. 

(;f) Y ^ Aq/^A’^'X’^: '"*’A 2X2*^A^X^,'^A^A'-j''^A^X^ X 2 . 

(g) Y = AoH|Xt^A2X2+A3X5+A^X2^A5X^X2 

(h) Y = Aq+A-,X.,+A2X2+A3X3+A^X^+A5X2 

(i) Y - Ao+A^X-,+A2X2+A5X3+A^X^+A3X2+AgX-,X2 
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The computed values of coefficients A-|, A 29 
ii .^1 .ir- fin ^ Ag one given in table— 4.4. These values 
have been computed using above referred, multiple linear 
regression program by least square method. To check the 
validity of models, the value of least square objective 
i. unction S and multiple correction factor have also been 
computed in each case and are given in table- 4 , 4 . 

Using each of above regression models, the values 
of electricity utilisation have been computed starting from 
the year 1966-69 to 1993-94. The actual and computed values 
of electricity utilisation, using above regression models 
are given in table- 4 . 5 . 

Prom table-4.5, it can be seen that model- (f) and 
(i), yield negative values when projected for future years. 
Therefore, model-(f) and (i) may be dropped here safely. 

Tor other models, electricity utilisation from the year 
1978-79 to 1993-94 have been plotted in figure-4.2. 

Visual examination of the curves drawn in figure- 
4 . 2 , reveal tiiat models-(b), (d) and (e) do not represent 
conditions in a developing state like U.P., as they do not 
show 'i growth rate of compunded type for electrioal energy 
utilisation. Moreover, regarding validity of model, the 
values of S and should be 0 and 1 respectivel;y , correspon 
ding to a perfect fit. prom..’ table-4. 4, it can be seen that 
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Computed energy utilisation In (MU) in U. 
From 1978-79 to 1993-94 

Log YsAo^A| 4 -og X^«i-A2Log X2+A3Log X 

Y r Aq A| X| + A2 X2+ Ag X3 

Y = Aq 4* A| X| ♦ A 2 X 2 + A 3 X 3 + A^^ X^ 

Y= Aq* A| X| 4- A2 X2 + A3X3+ A4XI 

Y S Aq ♦ A| X| 4 A2 X2 ♦ A3 X34' A4 X2 ^2 

Ys AqI. A| X|4 A2^2'*’^3^3‘*'^4^2'^^5^1^2 

Y 3 At Xi 4* + A^X^ 4* A / Xf + Ac Xo 


'82-83 84-85 86-87 88 
YEARS — 
FIG. 4.2 
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of 3 is more and is less for riiodels-(b), (d) and 
(< ) compared to inodols-(a), (c), (g) and (h). Comparing 
til' Vriluna of S and R , iiiodel-(a) & (g) are a better fit 
til .11 i,iodcl-(c) and (h). Therefore, we select the models— 

(a) :ui<* (g) to project the energy requirement, 

liow to calculate the energy requirement, trans- 
mission and distribution losses (T & f) are to be added in 
computed electricity utilisation. ' Trfmsmission and distri- 
bution losses as a percentage of total electricity utilised, 
for II. P. power System, varies between 25^ to 31^ for the 
last 4 to 5 years. It has increased to 31^^ in 1976-77 
from 295i iii 1974~75. This may be diie to the laying of 
extensive L.T. network for the purpose of energisation of 
pump sets and rural electrification. Again this value have 
gone down to 25^ in 1977-78. As larger percentage of T & D 
losses consist of distribution loss, and state is envisaging 
intensive energisation of rural areas, this value has been 
fineumed na 26'/^ for the entire period beyond 1877-78 to 
1y^J3-94< Thus taking T & D losses as 26^1 of electricity 
utiliantion, the energy requirement and peak load (assuming 
overall load factor of the system as 60^;) for the years 
1985-83, 1988-89 and 1993-94 are worked out and given in 
tablo-4.6. 

Comparing the above results, with the results of 
Soheer's formula, the result;®, , yielded by model-(g) are on 
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-ina th^ result yielded by moael-(a) are much 
rj '..r. r to the results yielded by soheer's formula. 

?!,. r. fore, „c select the model-(a) as a best fit and results 

yif-idt d by model- (.'■i ) are acceptable. 

Tablr-4.6 ; Total energy requirement and peak load 
(.Regression model) 


Regrof, 

noticl 

aion Year 

Electricity T & D losses 
utilisation @ 26^ of 
(MU) electricity 

utilisation 

(m) 

Total 

energy 

require- 

ment 

(MU) 

peak 

load 

(1W) 

****•**■*—“ 

— — — — 






^ , 

(n) 

1983-84 

16326 

4245 

20571 

3914 


1988-89 

29833 

7757 

37590 

7152 


1993-94 

56888 

14791 

71679 

13638 

((t) 

1983-84 

18112 

4709 

22821 

4342 


1988-89 

35419 

9209 

44628 

8491 


1993-94 

73354 

19072 

92426 

17585 


4*4 CALCITUTION OF U.P. POWER EEQUIEEI4ENT BY 
HISTORICAL TREND METHOD 

Por making long term forecast with the help of tihis 
method, some of the curves explained in Appendix-A, have been 
fitted to the energy requirement (which has been taken as 
net generation excluding auxiliary consirnption) from the 
year 1968-69 to 1977-78 as gitm 'in table-4.7. 

The curves have been fitted by the method of 
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1( ar;t r.qnart;, using computer programs (section-4.6). The 
curvf.s fit. their equations, computed values of 
cool i’ icientn and sum of squares of deviation in each case 
art- given in table -4. 8. 

Trablc-^.? : Actual energy requirement 


Year Actual energy requirement (I4U) 


1968-69 

4107 

69-70 

4401 

70-71 

5198 

71-72 

5632 

72-75 

6196 

73-74 

5374 

74-75 

5689 

75-76 

7472 

76-77 

9023 

1977-78 

8611 


Note; This table do not 
include the elect- 
ricity generated 
by Renusagar and 
licensees. 


With the help of equations given in table-4.8, 
value 0 of energy requirement for each curve from the year 
1968-69 to 1993-94 have been computed and given in table-4.9 
The actual and computed energy requirement have been plotted 


in figurG“4«3. ■ 4 ■ 

Yisual examination of the curves drawn in 
figure-4.3* reveal© . that curve a---^(a) and (e) do not 
represent the conditions In state like u.P. 

i.e,, the rate of growth in fi^p^: 4s:not oompounded type, 
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least square, using computer programs (section- 4 . 6 ). The 
curves fitted, their equations, computed values of 
coefficients and sum of squares of deviation in each case 
are given in tahle- 4 . 8 . 

Table- 4.7 s Actual energy requirement 


Year Actual energy requirement (14U) 


1968-69 

4107 

69-70 

4401 

70-71 

5198 

71-72 

5632 

72-73 

6196 

73-74 

5374 

74-75 

5689 

75-76 

7472 

76-77 

9023 

1977-78 

8611 


Notes This table do not 
include the elect- 
ricity generated 
by Renusagar and 
licensees. 


With the help of equations given in table- 4 . 8 , 
values of energy requirement for each curve from the year 
1968-69 to 1995-94 have been computed and given in table-4.9. 
The actual and computed energy requirement have been plotted 

in figure- 4 . 3 ^ 

Visual examination of the curves drawn in 
figure-4.3» reveale . that curves-(a) and (e) do not 
represent the conditions in a developing state like U.P. 
i.e., the rate of growth in demand is not compounded type. 



Table-4.8 % Curves fitted and computed values of coefficients. 
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ENERGY REQUIREMENT (M U X 10 ) 



ACTUAL AND COMPUTED ENERGY 
REQUIREMENT (M U) IN U.R FROM 
1968-69 TO 1993-94 

(a) Straight line 

(b) Simple exponential 

(c) Parabola 

(d) Logparabola 

% 

(e) Modified exponential 

(f) Gompertz 

Note:- 

I Curves drawn on the basis of 
computed energy requirement. 

II Actual energy requirement 
shown by circled dots. , 

III Computed energy require- f 

ment based on historical / 
trend method- / 


YEARS - 
FIG. 4.3 
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The curves-(b), (c) and (f), reveal that the compounded 
rate of growth is very low. Therefore, the curve-(d)5 may 
only represents the true conditions. Comparing the values 
of sum of squares of deviation (SSD), (which must he zero 
for a perfect fit), given in table-4.8, it is observed that 
curve-(d) i.e,, log parabola is a best fit because of 
minimum SSD. As per this curve, the energy requirement and 
peak load have been worked out for the years T 983-84, 

1988-89 and 1995-94 and given belows 

1983-84 1 988-89 1993-94 

(i) Energy requirement (MU) 18225 38147 90749 

(ii) Peak load (MW), taking 3468 7258 17266 

60^ overall annual load 

factor 

4.5 The energy requirement and peak load of U.P. Power 

system have been computed using three different techniques, 
for the years I983-84, 1988-89 and 1993 - 94 . In the case of 
Regression Method, the results have been plotted by testing 
a number of regression models and the model giving best 
estimate has been finally selected to forecast the energy 
requirement. Similarly, in the case of Historical Trend 
Method, results have been plotted by fitting a number of 
curves in the data and the curve showing the best trend 
has been selected to project the energy requirement . 
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CmPTES - V 

GOHOLUSIOF 

5* "I The "basic aim of the thesis is to forecast the 

energy requirement and peak load of U.P. Power System, for 
medium and long tern and comparing the results with the 
forecast obtained by Central Electricity Authority (CEA). 

The results of medium and long term forecast of energy 
requirement and peak load of U.P. Power System bjr three 
different methods namely ; Scheer's Eormula, Regression 
Method and Historical Trend Method, are summarised in 
table- 4 . 10 . The last two columns of table-4.10, give the 
corresponding forecast given by CEA /I 9/. The forecast 
obtained by CEA up to the year 1985-84, is based on class- 
wise consumption and partly on load svocvej methods. Beyond 
1983 - 84 , they work out the forecast on the basis of histori- 
cal trend method and Scheer's formula, projecting the 
estimates of 1983-84. The forecast indicated by CEA is on 
the basis of unrestricted pover supply. As almost every - 
year there is restriction imposed on the use of electric 
power in U.P., the computed forecast by all the above three 
methods, shown in table-4.10, will be lesser than one 
obtained by CEA. Thus, from table-4.10, it can be concluded 
that Regression Method and ; Historical Trend Method tend to 
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give higher values of forecast for long term. The difference 
between forecast, computed by all the three methods are 
obtained by CEA is because of not taking into account the 
generation by private agencies and licensees, due to non- 
availability of data. This difference can also be attribut- 
ed to the assumptions made regarding load factor, auxiliary 
consumption and percentage T & h losses etc. Thus, it can 
be concluded that the best estimate for long term is only 
provided by Scheer's form-ula. 

In regard to medium term forecast, it may be seen 
from table-4. 10^ that the forecast made by Scheer's formula 
is very close to that made by other two methods establishing 
the fact that the Scheer's formula is most suitable for 
forecasting long term as well as medium term power require- 
ment . 

5.2 There is no ideal method of forecasting load, 

which could take all the economic factors into consideration 
to suit national/state conditions. Forecasting on the basis 
of correlationship between development of electricity and 
development of economic factors, is supposed to be best. 

In India, no such explicit relationship between some 

8 ■ 

economic factor and total electricity utilisation, has 
been established. Here, an attempt has been made to 
establish such relationship by correlating electricity 
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utilisation with state income and population, using some 
regression models. One of the model gave results very 
near to corresponding results given by Scheer's formula 
for medium term. But here, the aspects like income distri- 
bution pattern, urban-rural ratio of population- and cost of 
seirvice-connection etc, have been neglected, which have 
significant- impact on the growth of electricity demand. 

inirthermore, better relationships between develop- 
ment of electricity and development of economic factors, 
can be established by considering some more economic factors 
like employment, appliance saturation, weather data etc. 

The projections of economic factors usually considered in 
load forecasting are based on past pattern and hman 
judgement. Instead of this, if, the economic factor can 
themselves be forecasted by using an appropriate forecasting 
technique, it is expected that the regression method would 
yield better results. This intum becomes another forecast- 
ing problem for which no well defined method exists. 
Similarly, the load factor, auxiliary consumption and percen 
tage of T & D losses, which at present are assumed, can also 
be forecasted to achieve better results. 

5,5 The present set up of oun planning is based on 

the 'distinct five year plans'. All the developments are 
guided by these plans only^ So, an accurate five year 
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forecast at the begining of each plan period followed by a 
mid plan forecast is much more essential than the long term 
forecasting. This, also takes into considerations, the 
success achieved in first two or three years of the plan. 
This is ideal for our Indian conditions. It is, therefore, 
felt that our efforts should be directed towards achieving 
a greater degree of accuracy in short term forecasting 
before going in for long term forecast, imtil we arrive at 
the stage of stable economy. 
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APPEKDIX - A 

TREED OUHVES Am PHEIR CHOICE 

A.1 The trend curve /24/ that are frequently used for 

the analysis of economic data are; (i) polynomials, (ii) Ex- 
ponential, (iii) Modified exponential etc, 

A. 1.1 Polynomials; 

(i) Straight line; 

Demaad = a + ht, where a and h are constants. The 
slope of straight line is constant. It means that 
the demand is increasing hy a constant amount 
each year. If the slope is plotted against time 
a horizontal straight line is obtained and this 
is the slope characteristic. 

(ii) Parabola; 

. > 2 
Demand = a + bt + ct , where a, b and c are 

constants. The slope of pSixabola changes uniform- 
ly with time, and if the slope is plotted against 
time a straight line at an angle to the horizontal 
is obtained . 

A. 1.2 Exponential; 

(i) Simple exponential; 

Log (demand) = a + bt, where a and b are constants. 
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Here demand increases by a constant proportion 
each year, and the ratio of the slope of the 
demand to the demand is constant. The moring 
average gives an estimate of the demand and the 
ratio of the slope to the moving average is 
plotted against time, results in a horizontal 
straight line which is the slope characteristic - 

(ii) logarthimic parabola? 

o 

Log (demand) = a + bt + ct^, where a, b and c are 
constants. Por this, the ratio of slope of the 
demand, to the demand varies linearly with time. 

If the ratio of slope of the demand to the mov- 
ing average is plotted against time, a sloping 
straight line will be obtained as slope 
characteristic . 

A . 1 . 3 Modified exponential % 

The use of modified exponential trend curves 
implies the existence of an upper limit to demand which is 
approached asymptotically. 

(i) Simple modified exponential; 

Demand = a - br"^, where a, b and r are positive 
constants and r is less than 1. The logarithm of 
the slope of demand when plotted against time gives 
a straight line, sloping down to the right, which 



is slope characteristic. 
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(ii) Gonpertz ? 

Log (demand) = a. - br"^, v/here a, b ar:d r are 
positive constants and r is less than 1 . The 
logarithm of the ratio of the slo,.e to the moving 
average when plotted against tine gives a straight 
line sloping down to the right, which is slope 
characteristic . 

(iii) Logistic ; 

Demand = V(a + hr"^), where a, b and r are posi- 
tive constants and r is less than 1 . The 
logarithm of the ratio of the slope to the 
square of the moving average, when plotted 
against time, will give a straight line sloping 
to the right, which is slope characteristic. 

A. 2 ClivOlCE OF TEEIID CURVE 

The trend curves are preferably established by- 
means of least square method. The fitting of a Hiathenatical 
curve implies two assumptions. The first assumption 
concerns the type of curve which is chosen to fit the 
demand figures. The second is that the chosen curve will, 
when extrapolated, represent the picture of futtire demaad. 

The object of a forecast is to estimate the change 



from the current to the future position. when a trend 
curve is fitted to demand fibres and extrapolated to 
provide a forecast, its realiability will be dependent 
on the accuracy of the slope of the trend. If the trend is 
linear the estimates of the slope will be equal. If the 
trend is modified exponential the estimates of ,the slope 
will be changing in a specified manner. The slope of the 
demand is, therefore, a criterion for the selection of the 
trend 'curve and forms the basis of 'the technique for 
choosing the curves. 

When trend curve are fitted to the set of data, 
it is usually found that the closeness of fit is approxi- 
mately the same for all the curves. There will be little 
to choose between the curves as representation of the actual 
data. {/»^hen the curves are extrapolated they diverge. 

Even a small extrapolation may lead to unacceptable large 
divergence. Therefore, it is necessary to find the 
applicability of the trend curves to be used for forecasting. 

Assuming the difference between the curve may be 
very small which can be neglected over the range of data, 
the projection of curve into future will depend on the 
rate of change of various curves. Eor any curve X = 
the rate of change at any point of the curve can be found out 
by the values of it's derivative dy/dt = f'(t) at that 
point. Por the eurves,‘ the difference between predictions 
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will arise from the differences between derivatives. It is, 
therefore, necessary to compare the curve representing the 
rate of change of demand with the derivatives to test the 
suitability of the curve for prediction. The easiest 
curve which can be recognised is straight line. Therefore, 
for each curve the transformation of the derivative which 
will yield a straight line with 't' (time) as independent 
variable, isfound. Each such transformation is applied to 
the estimated rates of change of the datafor each year of 
the period and the results are plotted against time. It is 
then decided by inspection whether’ for any transformation 
of the rate of change, the plotted values appear to 
approximate to a straight line. Where a straight line is a 
reasonable fit, the corresponding cuxve may be expected to 
be a satisfactory predictor. The rate of change is the 
slope and the transformation obtained to characterise the 
curves are called slope characteristics. The various slope 
characteristics of trend curves are summarised in table-A.I. 

In order to determine the slope characteristics, 
it is necessary to 'calculate the slope for the set of demand 

data. Because of the fluctuations from year to year, . 

the actual demand and the simple differences 

are not considered satisfactory for the purpose and some 
smoothing is done by using moving averages. To obtain an 
estimate of the slope for a given year, a short period 
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detailed in reference /25/. The approach results in a 
set of two simultfmeous equations for N years data. 


ty = an + b ^t (A . 1 ) 

”^ty = a£t + b-^t^ (1,2) 

. «. 

Solving above equations for a and b, 

N£t^ - (£.t)^ 


‘ b = ^ (^•fcy) - (^t)(-^) 


(A. 4) 


Where “^stands for sum of all such items, from t =1 to 


t = U. In the program a and b have been calculated using 

equations- (A. 3) and (A. 4) respectively, further the 

calculated values of a and b are used to obtain the fore- 

c-ist values. In addition, the sum of squared residuals 

2 

, (where yQQ_ 2 _ calculated value of 
y) is also computed. The program is evolved so that first 
the straight line function is fitted and then exponential 
function. 



Program-2 ; Curve fitting- Parabola and Log parabola 

2 

The mathematical function is y = a + bt + ot , where a, b 
and o are constants, y = y, represents parabola and 
y = log y, represents log parabola. The function is 
fitted by least square method. Por F years data the 
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resulting simultaneous equations are 
ty = alT + b^t + c;£.t^ 

^ty = a^t + b^t^ + c^t^ 

^■t^y = a£t^ + b£t^ H- 0 ^^ 


(A. 5) 
(A. 6) 
(A. 7) 


Writing above equations in matrix form and solving for a, 
b and c 

{^y[(£t^)(£t^) - (£Lt5)(^t5)J -■£ty[;(£t)(£t^) 
-(£t5)(£t2)j +gt^y[(£.t)(^t^) - (£.t2)(£.t^)j} 


A. 


•••••»•( A » 8 ) 


b = 


[dtyX^t'^) - ('€t^y)(£t5)J -£t£(£y)(^t^) 

- (S't^y)(£-t^)] +£Lt^ r(£y)(£'t^) - 
- A ~~ 


. .(A.9) 


{N[(£,t2)(£t2y) - (£t5)(£ty)J - £ t [ (£t ) ( ^t^y) 
- (£t^)(^y)J + £ t^£(£t)( £ty) - (£t^)(£y)j| 


A 


• » « • « <r » «> # £jk t ^ 0 ^ 


Where, A = U - £t 

QSl-tXg.t'^) - (£t^)(-£.-tb] ♦ €.t2£(£t)(£_tb 

- (£-t^)C£t^)J (A. 11) 
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In the program, the values of a, b and c are 
calculated directly using above relationships. Purther, 
the computed values of the constants are used to obtain 
forecast values. In addition the sum of the squared 
residuals for the data is also computed." The program is 
evolved so that first, parabola and then log parabola is 
fitted. 

Erogram-3 (Part-I) ; Curve fitting - Modified 
Exponential • The mathematical function is y = a + bp"^ = 
a + b exp(^t), where a, b and R are constants with 
1 ^ R ')>0, = In R, t is time measTired from some arbi- 

trary zero. If y is demand at time t, 

y = Log-jQ y, for the Gompertz curve. 

y = y, for the Simple Modified Exponential. 

y = 1/y, for the Logistic curve. 

I'Jhen for a set of data above three curves are 
fitted the assumptions regarding variability of the data 
will be different. For the Gompertz, the inference is that 
the coefficient of variation of demand data is constant 
whilst the Simple Modified Exponential implies that the 
variance of demand data is constant. For logistic, the 
assumption is that the coefficient of variation is inver- 
sely proportional to the absolute magnitude of the demand. 
Though, the assumptions are reasonable for Gompertz and 
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Simple Modified Exponential, for Logistic such an assump- 
tion would lead to give undue weight to the early demand 
data. In order to avoid this and to fit the above three 
curves based on similar assumptions, it is necessary to 
apply a weighting factor w^ , such that /24/ 

Zj = (A. 12) 


The curves are fitted by least square method i.e., by 
minimising 

z' o "q 

(A. 13) 




= 0 


The normal equations are therefore, 

" ^ ^ 

- exp (^t^)^y^ - a - b exp (^1^j)| 

exp - a - b exp ^ 


= O' 


(A. 14) 


-2b 


or 


■' I 

exp (ft.)j. b^w. exp (2.^t.)j | 

= exp ( . )j I 

r ■ 

= '’£[V3h i 
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If the corves are to be of the required form, 
approaching a limiting value of large t, the value of R 
must be between 0 and 1 and usually between 0.5 and 1. 
For any given value of R (and therefore, of ^ = In R), a 
and b and hence , may be found fromt 


a =.^wj * b£„. exp (ftp = £w.y. 


a w^ exp ( f 



. exp 


(A.16) 


:£^w.y. exp 


Solving above equations, the values of a and b are obtained 
as s . ■ 


b 


£1 

iw.y. exp (Pt.)l 
£ D D V 3 J 

[ ■£ ” 3=^3 

fw. exp 

£" 3 !) 

exp (2^tpj 

r 6 xp ( 

|2 


(A. 17) 


and the value of A is evaluated by substituting the values 
of a and b in equation- (A. 15). 

= [%35^3 ] ■ “ 3 ] ■ '’{Xl''3y3 

(A. 19). 
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The method of solution adopted is to evaluate \ 
by eq\aations-(A.17), (A. 18) and (A. 19) for a series of 

values of R and to select the value of r, giving the lowest 
value of ^ . 

Since, normally 0.5 < S ^1.0 5 the ijiitial 
search is made with 9 values of R = 0.55 (0.05) 0.95. 

The step length is then divided by 5 and the search is 
repeated to a further set of 9 values centred around the 
selected value of r. This procedure is repeated till the 
step length is small enou^ to give the required accuracy 
in R. Formally 4 sets of values of R is tested giving a 
step length of 0,0004 in the last set;* ' ’ 

If the final R is the largest tried one further 
set of values is tried and if r is still at its highest 
possible value 'Fo fit is possible V is printed. 

If the final R is the lowest tried the whole 
procedure is repeated starting from R = 0.15 (0.05) 0.55, 

If after this the final R is still the lowest tried 'No fit 
is possible’ is printed. This procedure though some what 
involves quite amount of computations, is robust against 
possible oddities in the behaviour of the function /24/. 

The final minimum value of delta (^ ) gives the 
sum of squares of z about its expected value. 

The program is evolved so, to fit ; the curves in 
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the order of Simple Modified Exponential, Logistic and the 
Gompertz , 

Program-3 (Part- II) • This is the continuation of 
the program-3 (Part-I). After evaluating constants a, b 
and R the results are used to obtain the forecast values 
and to compute the sum of the squared residuals. 
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APPENDIX - B 

MULTIPLE LINEAR BEGREgglON 

The regression analysis is a technique to relate 
one variable (say Y) to the other (say X). With this 
relationship the values of first variable (Y, usually 
referred as dependent variable) can be estimated for’ future 
course of time, for given values of second variable (;]|, 
usually referred as independent variable) in that time 
period, if this relationship is assumed to be linear then 
regression of Y on X will be called linear regression. In 
the other way, this relationship expresses the effect of 
values of X, on the values of Y. This relationship may be 
different one, when X is regressed on Y. 

In practice, knowledge of independent variable 

X, is not only sufficient to estimate dependent variable 

Y. Y may be more precisely estimated with the knowledge 
of more than one independent variables (say X-j , X2. • • « • • • 
etc.). In this case we might try to relate Y, with more 
than one independent variables and is referred as Multiple 
Linear Regression and the coefficients of independent 
variables in the regression equation are called regression 
coefficients. These coefficients are usually determined by 
least square method. 
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B.2 Program-4 : Iftiltivariable linear regression / 2 ^/ 


Program-4, in section-4.6, solves for the 
coefficients in a mnltivariahle, linear regression equation 
of the forai 1 


A A , A 

Y = Aq + A^P^(X) + + 




(B.1) 


^ - Av 

Where Y, is the Model dependent variahle. A-, are the 

3 

unknown coefficients, j = 0, 1 , 2, * . . . M. P-, are function 

J 

of the independent variahle i = 1, 2, 3, ....K, j = 1, 

2, .... M. 

The method consists of minimising a lesfet squares 
objective functions S, of the form 


^ . AO 

S ^^i-^i> 

i=1 


(B.2) 


Where Y^^, are the experimental observed values of the 
dependent variable. The algorithm proceeds as follows. 


(i) 

The normal equations 


=0, j = 0, 1, 

2 ^ ^ « 


= 0 equation. 


I) I 


where 

1 

1 


<*■1,2- 

P = 1 

i 

i i 

^®'2,2“ 

i 

1 


^^2,l" 


(B.3) 


- P^) - - - - 

p„) - - _ _ 
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I (Yi 


Y = 


Y) 


(Y2 - Y) 
IS 

I 
I 

1 

I ; 

i 

L 


J 


/\ 

A 


,t 


P is the transpose of the p matrix. 





Y and p. are mean value 


Po3? the linear regression model, the normal 
equation will be linear, with the uaknowns being the 
vector. Thus any appropriate linear algebric equation 
solution scheme may be used to solve for the unknown 
coefficients '^1 to is obtained from 

\ = ^ /A . f (B.4) 

3 = 1 J J 


(iii) Two tests are often performed to determine the 

validity of the model. Pirst, the least squares objective 

function S, is evaluated. Por a perfect fit, this value 

would be zero. Secondly, the ’multiple correlation 
2 

coefficient’ R , may be calculated 


P Sum of Squares due to regression (SUMSR) 

r"^ = 

Sum of squares corrected total (STJMST) 

IT 

Where SUMSR = I' (p"^ Y) = (ft. - Y)^ 

“ “ ~ i=1 ^ 


(B.5) 



(Ill) 


SUMST = Y 


N 


i=1 


(Y. - Yy 


(B.6) 


The values of between 0 and 1 , with e® = 1 , 

corresponding to a perfect fit. 

The program oonsists of a short main program, 
the subroutine MifflEe called from inain program and the 
subroutine SIMQ called from IlHBEO. Ml data is supplied 

functions of X are set up 


sets up the normal equations 
performs; ti^e__reeults . Subroutine 


' m 

SIMQ solves the 


‘S -i * j 

.eotor Of coeff ■ ~ 


method. 
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